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Abstract
Micro-coiled chiral carbon fibers are modified by nano-Ni. X-ray diffraction (XRD) and scanning electron microscopy (SEM) are 
used to compare the composition and morphology of the unmodified and the modified fibers. The results show that electromagnetism
parameters of the modified are different from those of the unmodified. After modification by nano-Ni, the micro-coiled chiral carbon
fibers have decreased permittivity and electrical loss. The permeability and magnetic loss of the modified carbon fibers become larger 
than those of the unmodified ones. Moreover, the modification of unmodified chiral carbon fibers into the modified is much like chang-
ing hollow electric windings into those with magnetic cores inside. The modifier intensifies the cross polarization of the chiral carbon 
fibers and makes the permittivity and the permeability get closer to each other which improves the matching performance and enhances
absorbability of coatings. In the range of 6-18 GHz, the reflectivity of the coating is 6-8 dB and the bandwidth is 12 GHz. The area den-
sity of the coating is below 3 kg/m2.
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1 Introduction*
As a kind of typical chiral materials, the mi-
cro-coiled chiral carbon fibers have a special coiled 
geometric structure which makes them able to be 
cross-polarized to produce an electromagnetism 
coupling to create additional absorption and dis-
tinctly increase the electrical loss. 
As a kind of microwave absorption materials, 
chiral materials have drawn ever-rising attention 
recently[1-2]. A lot of academic papers related to the 
materials[3], especially on their preparation and 
structural analysis have been published. W. In- 
Hwang etc.[4] examined the effects of the external 
*Corresponding author. Tel.: +86-10-82317113. 
E-mail address: zhengtl@ buaa.edu.cn
Foundation item: National High Technology Research and Development 
Program of China (2004AA302112)
electromagnetic field and voltage on the vapor 
growth, morphology and properties of carbon micro 
coils. H. Janssen etc.[5] researched the micro coil 
high-resolution magic angle spining NMR spec-
troscopy. Yang S. etc.[6] prepared the TaN/C (carbon 
micro coils) /TaN composite micro-tubes and TaN 
micro-tubes by vapor phase diffusion treatment of 
carbon micro coils. Li W. J. etc.[7] investigated the 
preparation and morphology of the micro-coiled 
carbon fibers. However, there was lack of works 
done on modification of the micro-coiled chiral 
carbon fibers by nano-materials. This paper is aimed 
to make up this deficiency.  
In this work, the micro-coiled chiral carbon   
fibers are electromagnetic modified by a nano-ma- 
terial, nano-Ni, and the absorptivity of the coating 
investigated. The results indicate that the modifier 
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has intensified the cross polarization of the chiral 
carbon fibers thereby enhancing the absorptivity of 
the coating. Therefore, as a material having wide 
bandwidth, light mass and high absorption, the 
modified micro-coiled chiral carbon fibers are ex-
pected to have broad potential applications in the 
field of aeronautics and astronautics. 
2 Experiments 
2.1 Preparation of nano-Ni-modified fibers 
The way that the modified micro-coiled chiral 
carbon fibers were obtained was to mix the unmodi-
fied fibers into a nano-Ni dispersion in an appropri-
ate proportion and then vibrate it with the help of 
ultrasonic wave for 5 min.  
2.2 Test of electromagnetism and absorptivity 
The unmodified and modified micro-coiled 
chiral carbon fibers were separately dispersed into 
melted paraffin wax and the acquired liquid mixture 
was molded into copper standard flanges. Then the 
electromagnetism parameters were measured after 
the mixture was solidified. The fiber-content amo- 
unted to 40.0 wt%. 
The unmodified and modified micro-coiled 
chiral carbon fibers were separately dispersed well 
into acrylate and then painted on standard aluminum 
substrates with coating thickness below 1.8 mm. 
The absorptivity of the coating was tested after it 
completely solidified.  
3 Results and Discussion 
3.1 Morphology
Fig.1(a) shows the morphology of the unmodi-
fied micro-coiled chiral carbon fibers. It can be seen 
an empty hole inside a coiled tube, which, as shown 
in Fig.1(b), has been filled with nano-Ni, after it is 
modified.     
3.2 X-ray diffraction analysis  
    Fig.2(a) and Fig.2(b) show the X-ray diffrac-
tion (XRD) patterns of the unmodified and the 
modified micro-coiled chiral carbon fibers respec-
tively. There are three weakened peaks of Ni and a 
(002) plane peak in Fig.2. Because the (10) plane 
Fig.1  Morphology of the fibers. 
Fig.2  XRD curves of the fibers. 
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peak of the micro-coiled chiral carbon fibers is so 
weak and its position is so close to the (111) plane 
peak of Ni, that the (10) plane peak disappears. The 
average diameter of nano-Ni can be calculated by 
0.89 /( cos )D O E T            (1) 
where ȕ is half-peak width of diffraction angle, ș is 
the Prague diffraction angle, O= 1.540 6 Å. There-
fore, the diameter of nano-Ni is 14.2 nm. 
3.3 Electromagnetism performance 
As shown in Fig.3(a), the permittivity of the 
modified micro-coiled chiral carbon fibers decreases 
with rise of frequency making the happening of 
maximum absorptivity shift to the side of ascending 
frequency. Clearly, the decrease of permittivity 
makes it and permeability get closer to each other 
thus improving the matching performance and ab-
sorptivity of coatings. The decrease of electrical loss 
which may depress the low frequency absorption of 
coatings can be seen from Fig.3(b). 
Fig.3  Electrical performances of the fibers. 
As shown in Fig.4(a), the permeability of the 
modified micro-coiled chiral carbon fibers increases 
with rise of frequency which not only enhances the 
magnetic loss but also improves the match ability. 
The increase of permeability can also raise the ab-
sorption at higher frequencies. From Fig.4(b), the 
distinct increase of magnetic loss makes the hap-
pening of peak value shift to the side of increasing 
frequency and enlarges the maximum absorption. In 
fact, the modification of chiral carbon fibers is much 
like changing a hollow electric winding into that 
with a magnetic core inside. 
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Fig.4  Magnetic performance of the fibers. 
3.4 Absorptivity 
Fig.5 compares the reflection results of the 
coatings on unmodified micro-coiled chiral carbon 
fibers and those on the fibers modified by nano-Ni. 
The Ni-content of all coatings is equal to 25.0 wt%. 
Just as expected earlier, the absorbing peak values 
of the coating on the modified fibers take place at 
higher frequencies than the unmodified ones. And, 
besides, the peak values of the modified are much 
larger than those of the unmodified. 
Fig.5  Reflection results of coatings with the fibers unmodi-
fied and modified by Ni. 
Fig.6 shows the effects of the absorber content 
on the reflection. The absorber contents are assumed 
37.5 wt%, 25.0 wt%, respectively. It is evident that 
the absorbing value at lower frequency becomes 
large when the content increases. 
The final absorbing effect of a coating is de-
termined by the combination of the parameters 
above-mentioned. The thickness of the coating is 
1.9 mm. The area density is below 3 kg/m2. The 
coating has two layers: the upper is made of car-
bonyl iron with a 80.0 wt% content and the lower of 
chiral carbon fibers with a 25.0 wt% content. As 
shown in Fig.7 the reflection of the coating is    
–6- –8 dB at the frequency ranging from 6 GHz to 
18 GHz, and the width is 12 GHz. The area density 
is below 3 kg/m2. The absorbing curve is distin-
guished by smoothness and less fluctuation at such a 
wide bandwidth. It is also different from the other 
absorbing waves, the other one always ascend first 
and then descend both obviously after having 
reached the highest at a certain frequency. 
Fig.6  Effects of the absorber content on the reflection. 
Fig.7  Reflection results of double layer coating. 
4 Conclusions 
After modification by nano-Ni, the permittivity 
and the electrical loss of the micro-coiled chiral 
carbon fibers are reduced evidently. The permeabi- 
lity and the magnetic loss of the modified mi-
cro-coiled chiral carbon fibers are enhanced dis-
tinctly. The modification of chiral carbon fibers is 
much like changing a hollow electric winding into 
that with a magnetic core inside. The decreasing of 
the permittivity makes the happening of maximum 
absorption shift to the side of increasing frequency 
and, especially, causes the permittivity and perme-
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ability get closer to each other, which improves the 
match ability and absorptivity of coatings. When the 
coating structure and electromagnetism parameters 
of the absorbent are appropriate, the favorable ab-
sorbing effects of coatings on the modified mi-
cro-coiled chiral carbon fibers are stable with less 
fluctuation at a wide bandwidth. The favorable re-
sults could be achieved at the bandwidth of 12 GHz 
when the reflectivity is 6-8 dB and the area density 
below 3 kg/m2.
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